SUMMARY
The weight of the right ventricle, left ventricle, and septum determined in 98 hearts of high altitude (12,300 feet) residents in Peru and in 86 hearts from sea level in the continental United States revealed that right ventricular hypertrophy is no greater at high altitude than at sea level in the stillborn-newborn infant heart. Right ventricular weight relative to total heart weight at high altitude exceeds that at sea level beginning about 30 days after birth and reaches a plateau at 56 days. Thereafter the degree of relative right ventricular hypertrophy changes only slightly through the adult years. No evidence was found of postnatal atrophy of the right ventricle either at sea level or high altitude nor of septal hypertrophy accompanying the right ventricular hypertrophy in high altitude. The degree of right ventricular hypertrophy was moderate and variable, and corresponded to the moderate, variable pulmonary hypertension previously demonstrated in high altitude residents. Since total heart weights are similar at high altitude and sea level and since high altitude subjects have a smaller body size, the heart weight/body weight ratio is probably greater in the high altitude subject. ADDITIONAL This paper reports additional studies of heart weight at high altitude from infancy to adult-1 to 6 weeks in 10% buffered Formalin. Prior to fixation the atria were opened, blood and clots were washed out, and the heart chambers were loosely packed with cotton. Following fixation and after washing for several hours in tap water, the great vessels, atria, valves, epicardial fat, and coronary vessels were removed by sharp dissection. The right ventricle was first separated from the septum by a sharp scalpel. The plane of the cut was made parallel to the plane of the surface of the septum. The left ventricle was separated from the septum in a similar manner. The free wall of each ventricle and the septum were weighed to the nearest 0.10 g. The relative weight of the right ventricle was expressed as a percentage of the total ventricular mass (RV/T). To determine if septal hypertrophy was present when left ventricular hypertrophy was not present, the weight of the septum was expressed as a percentage of the weight of the left ventricle (S/LV). No systematic study of total heart weight to body weight ratios was made. All dissections were performed by the two authors, and after dissection all segments were compared to be sure that a uniform technique had been employed. It was noted that even easily discernible differences in the line of separation between the septum and free ventricular walls resulted in only slight differences in the RV/T and S/LV ratios or weight of the individual segments.
The AGE (weeks) Figure 3 Graphic analysis of the relative weight of the right ventricle in infancy at sea level and high altitude (12,300 ft).
between the high altitude and sea level groups (figs. 5 and 6, Two hearts in the series, one from sea level and one from high altitude, exhibited an extreme degree of right ventricular hypertrophy.
Report of Cases
The sea level heart with an RV/T ratio of 42.2% was obtained from an 11-month- AGE (weeks) Figure 9 Graphic analysis of weight of the right ventricle in infants and children at sea level in the present study and from Emery and Mithal15 and Recavarren and Arias-Stella.8 Right ventricular weight in the present paper has been adjusted to be comparable to that obtained in other studies (RV weight = RV + S). fig. 9*) .
The wide dispersion of the degree of right ventricular hypertrophy in both high altitude and sea level hearts has been noted in previous human and animal studies. W Individual variations in dissection technique cannot account for the observed differences since even gross differences in technique cannot result in the dispersion of values noted. The dispersion is probably due to variations in pulmonary artery pressure. Hemodynamic studies of high altitude residents have demonstrated moderate variations in resting pulmonary artery pressure and wider variations during exercise.1-3 The degree of variation in such values at sea level is less than at high altitude. 2 Dispersion of RV/T values and pulmonary, artery pressures at high altitude are paralleled by a similar degree of variability in the electrocardiogram. In 20% of high altitude residents, the electrocardiogram may be normal but in the remainder, abnormal patterns compatible with mild-to-severe hypertrophy are present. 10 Pryor and his workers17 suggested that the high altitude electrocardiogram was best correlated with the pulmonary artery pressure during exercise, but their data demonstrate only an approximate relationship.
The amount of anatomic right ventricular hypertrophy observed at high altitude is usually moderate and corresponds to an increase of 51% in the total weight of the right ventricle. This is comparable to the observed moderate degree of pulmonary hypertension present at high altitude. The same dissection technique has been employed in six animal species living at similar altitudes in Peru. The degree of relative right ventricular hypertrophy observed in these animals is compared to the human studies reported in this paper ( fig. 10) . The human responds to high altitude with a similar degree of right ventricular hypertrophy to that seen in lambs and pigs, but with less hypertrophy than occurs in rabbits and guinea pigs.
Two hearts with an extreme degree of right ventricular hypertrophy have been described in detail. In one instance, there was evidence of recurrent infectious pulmonary disease and abnormalities in the pulmonary vessels. Such a factor cannot be completely excluded as being responsible for severe degrees of right ventricular hypertrophy which are out of the usual range. The use of hearts from patients free of any present or past history of pulmonary disease would eliminate this problem.
Septal hypertrophy does not accompany right ventricular hypertrophy at high altitude. This is consistent with observations of right ventricular hypertrophy in disease at sea level where septal hypertrophy only occurred when right ventricular hypertrophy was severe.--Arias-Stella and Recavarren" have demonstrated that at high altitude the outflow portion of the right ventricle tended to be more hypertrophied than the inflow portion. Absence of septal hypertrophy therefore indicates that only the free wall of the right ventricle is hypertrophied and not the adjacent septal portion.
An increase in the ratio of heart weight to body weight appears to be present at high altitude which is not due to right ventricular hypertrophy alone but involves to a lesser extent the septum and free wall of the left ventricle. Several factors may be responsible for a higher ratio of heart weight to body weight Circulation, Volume at high altitude. Increased blood volume, greater physical activity, and a smaller amount of adipose tissue should be considered.
